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BACKGROUND 

20 The present invention relates generally to valves utilized in subterranean 

wells and, in an embodiment described herein, more particularly provides a 
safety valve having an extension spring closure mechanism. 

It is desirable for a valve utilized in a subterranean well to have a relatively 
thin wall thickness. This permits a larger diameter flow passage to be formed 
25 through the valve and/or permits the valve to be installed in a smaller diameter 
wellbore. 
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Most conventional safety valves use a torsion spring to bias a closure 
member toward a closed position relative to the flow passage. An example of a 
torsion spring biased closure member in a safety valve is found in U.S. Patent No. 
6,196,261, the entire disclosure of which is incorporated herein by this reference. 

5 However, when faced with the task of reducing a safety valve's wall 

thickness, torsion spring closure mechanisms present several problems. For 
example, a torsion spring rapidly relaxes, that is, much less biasing force is 
produced by the torsion spring, as the closure member pivots toward the closed 
position. In addition, only limited space is available in the reduced wall thickness 
10 for positioning the torsion spring relative to the closure member, and a 
sufficiently strong torsion spring is difficult to fit into this limited space. 

One solution to this problem of limited space has been to use one or more 
compression springs to bias the closure member to the closed position. An 
example of a compression spring closure mechanism in a safety valve is found in 
15 U.S. Patent No. 6,227,299, the entire disclosure of which is incorporated herein 
by this reference. 

However, the use of compression springs still has the disadvantage of the 
springs relaxing as the closure member displaces toward the closed position. In 
addition, the provision of the compression springs in the safety valve requires the 
20 length of the safety valve to increase, thereby increasing the cost of the safety 
valve. Furthermore, the compression spring mechanism requires a number of 
additional parts be provided in the safety valve. 
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From the foregoing, it can be seen that it would be quite desirable to 
provide an improved closure mechanism for valves, including safety valves and 
other types of valves, utilized in subterranean wells. 

5 SUMMARY 

In carrying out the principles of the present invention, in accordance with 
an embodiment thereof, a valve for use in a subterranean well is provided which 
includes an extension spring closure mechanism. 

10 In one aspect of the invention, a valve for use in a subterranean well is 

provided which includes a biasing device and a closure member having open and 
closed positions. The biasing device has a length which decreases as the closure 
member displaces toward the closed position. 

In another aspect of the invention, a safety valve is provided. The safety 
15 valve includes a closure member having open and closed positions and at least 
one extension spring biasing the closure member toward the closed position. 

In a further aspect of the invention, a safety valve is provided which 
includes a closure member having open and closed positions, a biasing device for 
biasing the closure member toward the closed position and a beam 
20 interconnected between the biasing device and the closure member. The beam is 
flexed to an increasingly curved configuration, thereby increasingly biasing the 
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closure member toward the closed position, as the closure member displaces 
toward the open position. 

In yet another aspect of the invention, a safety valve is provided which 
includes a closure member having open and closed positions and a biasing device 
5 for biasing the closure member toward the closed position. The biasing device is 
flexed to an increasingly curved configuration, thereby increasingly biasing the 
closure member toward the closed position, as the closure member displaces 
toward the open position. 

These and other features, advantages, benefits and objects of the present 
10 invention will become apparent to one of ordinary skill in the art upon careful 
consideration of the detailed description of representative embodiments of the 
invention hereinbelow and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

FIG. 1 is a partial cross-sectional view of a first safety valve embodying 
principles of the present invention, the safety valve being illustrated in a closed 
configuration; 

FIG. 2 is a partial cross-sectional view of the first safety valve in an 
20 intermediate configuration; 

FIG. 3 is a partial cross-sectional view of the first safety valve in an open 
configuration; 
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FIG. 4 is an isometric view of a biasing device of a second safety valve 
embodying principles of the invention; 

FIG. 5 is a partial cross-sectional view of the second safety valve in an 
intermediate configuration; 
5 FIG. 6 is a partial cross-sectional view of the second safety valve in the 

intermediate configuration with an extension spring thereof removed; 

FIG. 7 is an isometric view of another biasing device which may be used in 
the second safety valve. 

FIG. 8 is a partial cross-sectional view of the first safety valve having 
10 additional optional biasing devices installed therein; 

FIG. 9 is a partial cross-sectional view of the first safety valve having an 
extension spring thereof located in an alternate position; 

FIG. 10 is a partial cross-sectional view of the first safety valve showing a 
first alternate arrangement of extension springs thereof; 
15 FIG. n is a partial cross-sectional view of the first safety valve showing a 

second alternate arrangement of the extension springs; 

FIG. 12 is a partial cross-sectional view of the first safety valve showing a 
third alternate arrangement of the extension springs; and 

FIG. 13 is a partial cross-sectional view of the first safety valve showing an 
20 alternate configuration of the extension springs. 
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DETAILED DESCRIPTION 



Representatively illustrated in FIG. 1 is a safety valve 10 which embodies 
principles of the present invention. In the following description of the safety 
5 valve 10 and other apparatus and methods described herein, directional terms, 
such as "above", "below", "upper", "lower", etc., are used only for convenience in 
referring to the accompanying drawings. Additionally, it is to be understood that 
the various embodiments of the present invention described herein may be 
utilized in various orientations, such as inclined, inverted, horizontal, vertical, 
10 etc., and in various configurations, without departing from the principles of the 
present invention. 

Only a portion of the safety valve 10 is depicted in FIG. 1, since the 
remainder of the safety valve may be similar to prior safety valves, such as the 
safety valve described in the incorporated U.S. Patent No. 6,227,299. It should 
15 also be understood that the principles of the present invention may be 
incorporated into any types of valve, such as ball valves, sliding sleeve valves, etc., 
and may be incorporated into any type of safety valve. 

The safety valve 10 illustrated in FIG. 1 includes a closure mechanism 12 
for selectively permitting and preventing flow through a fluid passage 14 formed 
20 longitudinally through the valve. The closure mechanism 12 includes a closure 
member or flapper 16 which sealingly engages a seat 18 to prevent flow through 
the passage 14. 
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As depicted in FIG. 1, the flapper 16 is in its closed position. In FIG. 2, the 
flapper 16 is illustrated in an intermediate position, in which somewhat restricted 
flow is permitted through the passage 14. In FIG. 3, the flapper 16 is illustrated in 
its open position, in which substantially unrestricted flow is permitted through 
5 the passage 14. 

A biasing device or extension spring 20 is used to bias the flapper 16 
toward its closed position. As used herein, the term "extension spring" indicates 
a spring which exerts an increased biasing force as its length is increased or 
extended. Conversely, the biasing force exerted by an extension spring decreases 
10 as its length decreases. 

The spring 20 is secured at its upper end to the seat 18, and is secured at 
its lower end to a beam 22. The beam 22 is pivotably connected at its upper end 
to the flapper 16. 

Although only one spring 20 is visible in FIG. 1 connected to one lateral 
15 side of the beam 22, there are actually two of the springs connected to an opening 
26 in a central portion 24 of the beam between two lateral sides thereof. The 
laterally adjacent springs 20 exert an upwardly biasing force on the central 
portion 24 of the beam 22, and the force is transmitted by the beam to the flapper 
16 to thereby rotate the flapper toward the seat 18 about a hinge pin or pivot 28. 
20 The biasing force exerted by the spring 20 increases as the spring lengthens, and 
decreases as the spring's length decreases. 
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Note that, in the closed configuration of the safety valve 10 depicted in 
FIG. 1. a moment arm M is formed between the beam 22 and the pivot 28 for 
applying the biasing force from the spring 20 to the flapper 16 to bias it to the 
closed position. It will be appreciated by those skilled in the art that this moment 
5 arm M decreases as the flapper 16 pivots to the intermediate position depicted in 
FIG. 2, and the moment arm further decreases as the flapper pivots to the open 
position depicted in FIG. 3. Thus, the moment arm M increases as the flapper 16 
pivots toward the closed position. 

However, the biasing force applied by the spring 20 to the flapper 16 via 
10 the beam 22 decreases as the flapper pivots toward the closed position, because 
the spring decreases in length. The torque or moment (biasing force X moment 
arm) applied to the flapper 16 about the pivot 28 may remain substantially 
constant, or it may actually increase, as the flapper pivots toward the closed 
position. For example, the increase in the moment arm M length may offset the 
15 decrease in the biasing force exerted by the spring 20. 

In FIG. 3, an opening prong or flow tube 30 is depicted in a downwardly 
disposed position for opening the safety valve 10 to permit flow through the 
passage 14. A lower end of the flow tube 30 contacts an annular shoulder 32 
extending about the passage 14. This contact between the flow tube 30 and the 
20 shoulder 32 substantially isolates the closure mechanism 12 from debris in the 
passage 14 and from erosion or other damage due to the flow in the passage. 
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In FIG. 1, the flow tube 30 is depicted in its upwardly disposed position, 
permitting the flapper 16 to be pivoted upward by the biasing force exerted by the 
spring 20. The flow tube 30 may be displaced between its positions by, for 
example, application of pressure, mechanical force, electrical devices, etc. Of 
5 course, if another type of valve is used, such as a ball valve or sliding sleeve valve, 
a flow tube may not be used at all to operate the valve. 

Note that a raised projection 34 formed on the flapper 16 contacts the 
beam 22 and the spring 20 as the flapper pivots to the open position shown in 
FIG. 3. After such contact, further pivoting of the flapper 16 toward the open 
10 position bends or flexes the beam 22 and the spring 20. That is, the beam 22 is 
bent to an increasingly curved configuration as the flapper 16 pivots toward the 
open position, and a longitudinal axis 36 of the spring 20 is increasingly flexed as 
the flapper pivots toward the open position. 

This flexing of the beam 22 and spring 20 applies additional biasing force 
15 to the flapper 16 at the projection 34. This additional biasing force is useful to 
initiate pivoting of the flapper 16 toward its closed position from its open 
position. The additional biasing force is present as long as the projection 34 
contacts and deflects the beam 22 and/or spring 20. 

It is contemplated that, even if the spring 20 were to fail, the biasing force 
20 produced by flexing the beam 22 could be sufficient to at least initially pivot the 
flapper 16 toward its closed position from its open position. Once initially 
pivoted toward its closed position, fluid flow through the passage 14 would act to 
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pivot the flapper 16 completely to its closed position and, once closed, a pressure 
differential across the flapper would maintain it closed to prevent accidental 
release of fluids from the well. 

By positioning the projection 34 closer to the pivot 28, as depicted in FIG. 
5 2, the projection will contact and deflect the beam 22 and/or spring 20 through a 
greater proportion of the flapper 16 pivoting displacement. In the alternate 
configuration illustrated in FIG. 2, the projection 34 contacts the beam 22 and 
spring 20 closer to the connection between the beam and the flapper 16 than to 
the connection between the beam and the spring. 

10 Referring additionally now to FIG. 4, an alternate beam 40 is 

representatively illustrated. The beam 40 may be used in place of the beam 22 in 
the safety valve 10. One significant difference between the beam 40 and the 
beam 22 is that the beam 40 includes appendages 42 which are bent or flexed as 
the flapper 16 displaces to its open position, thereby providing additional biasing 

15 force for pivoting the flapper to its closed position. 

As with the beam 22 described above, the beam 40 includes two lateral 
sides 44 joined to a central portion 46. When used in the safety valve 10, one or 
more of the spring(s) 20 is/are attached to the central portion 46 via an opening 
47 (similar to the opening 26 described above), and the beam sides 44 are 
20 pivotably connected to the flapper 16 using laterally extending pegs 48. Thus, the 
biasing force exerted by the spring(s) 20 is transmitted from the central portion 
46 to the pegs 48 via the beam sides 44, and thence to the flapper 16. 
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To attach the beam 40 to the flapper 16, the sides 44 are squeezed together 
to decrease the relative distance between the pegs 48. A pair of stops 49 are 
formed inwardly of the pegs 48 to limit the inward displacement of the sides 44. 
This prevents overstressing of sides 44 at the central portion 46. 

5 When the flapper 16 pivots to the open position (as depicted in FIG. 3), the 

appendages 42 are pressed against a sidewall 50 of the safety valve 10, thereby 
bending or flexing the appendages. This bending of the appendages 42 causes an 
additional biasing force to be applied to the flapper 16. The additional biasing 
force biases the flapper 16 toward the closed position. 

10 Note that the sides 44 and the appendages 42 diverge away from each 

other at bends or elbows 45. When the flapper 16 is opened, the sides 44 are 
flexed toward the appendages 42. Eventually, the bends or elbows 45 of the 
respective sides 44 and appendages 42 will contact each other. This contact 
limits further flexing of the sides 44 and appendages 42 at the central portion 46, 

15 thereby preventing overstressing of the sides and appendages. 

The beam 40 is depicted in FIG. 5 installed in the safety valve 10 in place 
of the beam 22. In this view the relationship between the appendages 42 and the 
sidewall 50 may be seen. A clearer view is shown in FIG. 6, with the spring 20 
removed. From this view it may be appreciated how the appendages 42 are 
20 flexed by contact with the sidewall 50 as the flapper 16 pivots toward its open 
position. 
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The appendages 42 of the beam 40 extend in a longitudinal direction 
relative to the sidewall 50 when the beam is used in the safety valve 10. The 
appendages 42 extend in the same longitudinal direction relative to the central 
portion 46 as do the sides 44. Thus, the beam 40 may be described as being 
5 "folded over" at the central portion 46. 

This "folded over" design of the beam 40 provides a biasing force to close 
the flapper 16 over a substantial portion of its pivoting displacement. It is 
contemplated that the beam 40 could be used to close the flapper 16, even 
without use of the separate spring(s) 20. 

10 Representatively illustrated in FIG. 7 is another alternate beam 60 which 

includes appendages 62 extending laterally from a central portion 64 having an 
opening 66 for connecting one or more of the springs 20 thereto. As with the 
appendages 42 of the beam 40, the appendages 62 will be flexed by contact with 
the sidewall 50 as the flapper 16 pivots toward its open position. This flexing of 

15 the appendages 62 will apply an initial biasing force to the flapper 16 to pivot the 
flapper toward its closed position. 

Referring additionally now to FIG. 8, the safety valve 10 is representatively 
illustrated with additional biasing devices 68, 70 installed therein. The biasing 
device 68 is depicted as a compression spring mounted to an underside of the 
20 flapper 16. The biasing device 70 is depicted as a leaf spring or cantilever 
mounted to an interior of the sidewall 50. 
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As the flapper 16 pivots to its open position, the spring 68 will eventually 
contact the sidewall 50. Further pivoting of the flapper 16 will compress the 
spring 68 between the flapper and the sidewall 50. This compression of the 
spring 68 will apply a biasing force to the flapper 16, biasing the flapper toward 
5 its closed position. 

Similarly, as the flapper 16 pivots to its open position, the spring 70 will 
eventually contact the flapper. Further pivoting of the flapper 16 will flex or bend 
the spring 70. This flexing of the spring 70 will apply a biasing force to the 
flapper 16, biasing the flapper toward its closed position. 

10 Thus, it will be readily appreciated by those skilled in the art that the 

springs 68, 70 and the appendages 42, 62 of the beams 40, 60 provide additional 
biasing forces for initiating pivoting displacement of the flapper 16 from its open 
position to its closed position. 

Representatively illustrated in FIG. 9 is another alternate configuration of 
15 the safety valve 10. In this configuration, the spring 20 is positioned above the 
seat 18 in the valve 10. This positioning of the spring 20 may permit further 
reduction of the overall length of the safety valve 10, or it may permit an outer 
diameter of the valve to be reduced, because the spring is not interposed between 
the flapper 16 and the sidewall 50 in the open configuration of the valve. 

20 A beam 72 is connected to a lower end of the spring 20 and extends 

downwardly therefrom to a central portion 74. From the central portion 74, the 
beam 72 extends upwardly to a pivoting connection with the flapper 16. Note 
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that, as the flapper 16 pivots toward its open position, the beam 72 will be 
increasingly flexed or bent by its lateral compression between the flapper and the 
sidewall 50, thereby applying an additional biasing force to the flapper, the 
additional biasing force biasing the flapper toward its closed position. 

5 Referring additionally now to FIGS. 10-12, alternate positionings of 

biasing devices in the safety valve 10 are representatively illustrated. In FIG. 10, 
multiple extension springs 76 are circumferentially spaced apart in an annular, or 
partially annular, space 78 formed in the safety valve 10. For example, the space 
78 could be formed in the safety valve 10 alternate configuration depicted in FIG. 

10 9, in which case the spring 20 shown in FIG. 9 would be one of the springs 76 
illustrated in FIG. 10. 

Each of the springs 76 would be connected to the beam 72 and would exert 
an upwardly directed biasing force on the beam. In this manner, an increased 
total biasing force (due to the increased number of springs 76) may be applied to 
15 the beam 72, and the springs may provide redundancy for each other in the event 
that one or more of the springs should fail. Another advantage may be that 
smaller springs 76 can be used (since there are more of the springs), thereby 
permitting the safety valve 10 to have a smaller outer diameter. 

In FIG. 11, the springs 76 are arranged with one of the springs inside 
20 another of the springs. This arrangement provides the increased biasing force 
due to the increased number of springs 76, as well as redundancy. 
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In FIG. 12, a spring 80 is positioned so that it encircles the passage 14 in 
an annular space 84. This arrangement increases the overall size of the spring 
80, thereby permitting a corresponding increase in the biasing force produced, 
without necessitating an increase in the outer diameter of the safety valve 10. 
5 Indeed, the outer diameter of the safety valve 10 may be reduced by using the 
arrangement of FIG. 12. Redundancy may be provided in this configuration by 
positioning another one or more additional springs within the spring 80, as 
illustrated for the springs 76 in FIG. 11. 

Referring additionally now to FIG. 13, another alternate configuration of 
10 the safety valve 10 is representatively illustrated. In this alternate configuration, 
another beam 82 is positioned longitudinally within the spring 20. This beam 82 
is used to apply an additional biasing force to the flapper 16 as it displaces to its 
open position. 

As noted above, the spring 20 is bent or flexed by the flapper 16 when the 
15 flapper pivots to its open position. When the alternate configuration of FIG. 13 is 
used, the beam 82 inside the spring 20 is also flexed as the spring is flexed by the 
flapper 16. This flexing of the beam 82 applies an additional biasing force to the 
flapper 16 (the biasing force increasing as the flapper displaces toward the open 
position), biasing the flapper toward its closed position. 

20 The beam 82 may be straight, or it may be bent or curved when the flapper 

16 is in its closed position. When the flapper 16 is pivoted to its open position, 
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the beam 82 may be straightened (if previously bent or curved), the beam may be 
bent (if initially straight), or further bent (if initially bent or curved). 

Of course, a person skilled in the art would, upon a careful consideration 
of the above description of representative embodiments of the invention, readily 
5 appreciate that many modifications, additions, substitutions, deletions, and other 
changes may be made to these specific embodiments, and such changes are 
contemplated by the principles of the present invention. Accordingly, the 
foregoing detailed description is to be clearly understood as being given by way of 
illustration and example only, the spirit and scope of the present invention being 
10 limited solely by the appended claims and their equivalents. 
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